A new series of copoly(ester-thioester)s had been synthesized using direct polycondensation technique. These copolythioesters were synthesized by direct polycondensation of 4,4'-(terephthaloyIdithio) diacetic acid I, 3,3'(isophthaloyl-dithio) diacetic acid II, or 1,8 (sebacoyldithio) diacetic acid III, with 2,6-bis(p-hydroxybenzylidene) tert. butyl cyclohexanone IV and 2,6-divanylidene tert. butyl cyclohexanone V, using a condensing agent consisting of pyridine-thionyl clhloride complex. The resulting copolymers were characterized by elemental and spectral analyses, solubility, viscometery, electronic spectra and thermogravimietric analyses. The crystallinity of some copolymers was examined by X-ray diffraction analyses. Furthermore, the morphology of selec ted examples of the copolymers was examined by scanning electron microscopy.
Introduction
Engineering plastics containing sulfur atoms, such as poly(phenylenesulfide), poly(ethersulfone), and polysulfone have been put into practical use because they have superior mechanical properties and excellent resistance to heat and chemicals. Thus, the incorporation of sulfur into polymers is expected to result in improved properties, including mechanical properties and resistance to heat and chemicals. Since the number of studies on linear polymers containing sulfur atoms has been increasing. For example, Kobayashi et al. [1] [2] study the polyaddi-tion reaction of dithiols to dialkenes and to dialkynes. Sato et al. [3] - [5] also study polyaddition of dithiols to bis(alkoxyallene)s or diallenylbenzene. Koizumi et al. [6] synthesize polysulfide by the polyaddition reaction of dithiol and epoxide. The syntheses of polythioesters by interfacial polycondensation of aromatic and aromaticaliphatic dithiols with aromatic and aliphatic acid dichlorides have been reported by Podkoscielny et al. [7] - [12] . Shaffer and Percec [13] find that polythioethers and copolythioethers with methylene numbers of 2 -10 derive from 4,4'-biphenyldithiol and α, β-dibromoalkanes exhibite thermotropic liquid crystalline characteristics.
The work reported here outlines the synthesis of copoly(ester-thioester)s by direct polycondensation of new dithio acids with 2,6-bis(p-hydroxybenzylidene) tert. butyl cyclohexanone and 2,6-divanylidene tert. butyl cyclohexanone using a condensing catalyst based on a pyridine-thionyl chloride complex. Furthermore, our interest is focused upon studying the effect of the ester-thioester linkage on polymer properties, especially thermal stability and crystallinity.
Experimental

Measurements
Elemental analyses were carried out using an Elemental Analyses System GmbH, VARIOEL, V2.3 July 1998 CHNS Mode. IR spectra were recorded on FT-IR-470, Infrared spectrophotometer, Shimadzu by using the KBr pellet technique. The 1H-NMR spectra were recorded on a GNM-LA 400-MHz NMR spectrophotometer at room temperature in DMSO or CDCl 3 using TMS as the internal reference. Inherent viscosities of polymer solutions (0.5% w/v) in DMSO were determined at 30˚C using an Ubbelohde suspended level viscometery. The solubility of polymers was examined using 0.02 g of polymer in 3 -5 ml of solvent at room temperature. The Xray diffractographs of the polymers were obtained with a Philips X-ray PW1710 diffractometer, and Ni-filtered CuKα radiations. Thermogravimetric analysis (TGA) and differential thermal gravimetric (DTG) were carried out in air with Shimadzu DTG-60 at heating rate of 10˚C/min. in air. The morphology of a selected example of copolymer was examined by SEM (Jeol JSM-5400 LV instrument). The SEM sample was prepared by evaporating a dilute solution of polymer on a smooth surface of aluminium foil, and subsequently coating it with gold palladium alloy. SEM images were taken on a Pentaz Z-50 P Camera with Ilford film at an accelerating voltage of 15 KV using a low dose technique [14] .
Reagents and Solvents
Tert.butyl-cyclohexanone (Merck, 99%). Thioglycolic acid (Merck, 99%), p-hydroxybenzaldehyde (Aldrich) and 4-hydroxy-3-methoxybenzaldehyde (vanillin) (Aldrich) were used without crystallization. Terephthaloyl chloride (Aldrich) was recrystallized from n-hexane (m.p. 83˚C -84˚C). Isophthaloyl chloride (Aldrich) was recrystallized from n-hexane (m.p. 44˚C). Sebacoyl dichlorides were freshly distilled at 182˚C 116 Torr was used. Sodium hydroxide was analytical grade. All other chemicals used were of high purity following purification by standard methods [15] .
Monomer Syntheses
Synthesis of Dithio-acids: I-III
General Procedure A mixture of thioglycolic acid (0.2 mol) and a solution of sodium hydroxide (0.25 mol) was stirred at 25˚C. After siring, a solution of 0.1 mol of the appropriate diacid chlorides in 20 ml tetrahydrofurane (THF) was added in a drop wise manner within 30 min. At the end of the reaction time, a white solid was precipitated out and then acidified with 0.1 M HCl. The solid product was filtered off, washed with water, air dried and recrystallized from the appropriate solvent. iv) Synthesis of 2,6-Bis(p-hydroxybenzylidene) tert. but. cyclohexanone IV A mixture of (2.44 g, 0.2 mole) 4-hydroxy-benzaldehyde and (1.54 g, 0.1 mole) tert. but. cyclohexanone was dissolved in 100 ml ethanol at 50˚C. The mixture was stirred while dry HCl gas was introduced as a catalyst. After two hrs of stirring, a solid product separated out, which was filtered off, washed with excess water, dried and recrystallized twice from methanol as greenish yellow crystals; in 94% yield, m. 
Synthesis of Copolythioesters VI-XI
In a three-necked flask, in an ice bath, equipped with a mechanical stirrer (2000 rev•min −1 ), 11 mmol of cold thionyl chloride were introduced. Pyridine (15 ml) was added slowly, to keep the reaction temperature low, and the mixture was stirred for 40 min. At the end of this time a mixture of the monomers in pyridine (25 ml) was added dropwise over 30 min. The cooling bath was removed and the resulting mixture was maintained at room temperature for 30 min. It was then heated at 80˚C for 5 h until a deep brownish solution formed. The brown solution was poured into a mixture of methanol-water (1:1) when the polymers precipitated. The product was filtered off, washed with water, dilute HCl, hot acetone and hot ethanol, and finally dried under reduced pressure (1 mmHg) at 90˚C for 2 days. Table 1 summarizes the yield and elemental analysis of the various copolythioesters. 
Results and Discussion
A literature survey reveals that the direct polycondensation of dicarboxylic acids with bisphenols in thionyl chloride and pyridine has been reported to produce high molecular weight polyesters [16] - [18] . Using this information, we developed a method for the preparation of new polythioesters of diarylidenecyclohexanone based on the direct polycondensation of new dithio acids (I-III) and 2,6-bis(p-hydroxybenzylidene) tert. but. cyclohexanone IV or 2,6-divanillyidene tert. but. cyclohexanone V. The new dithio acids were easily prepared from the interaction of 2 mol of thioglycolic acid with 1 mol of diacid chlorides in a sodium hydroxide Solution according to Scheme 1. The structure of these dithio acids I-III was established from elemental, FT-IR and NMR spectral analyses. Attempts to prepare the corresponding diacid chlorides from the dithio acids I-III, failed. This could be attributed to the instability of these acid chlorides. This observation encouraged us to apply the direct polycondensation technique using thionyl chloride and a pyridine complex to produce the new copolythioesters (VI-XI) as depicted in Scheme 2. The structure of the resulting polythioesters was established from elemental and FT-IR analyses. The FT-IR spectra of all the polythioesters showed the disappearance of the hydroxyl groups and the VI-XI appearance of absorption bands at 1745 -1750 cm −1 (C=O of ester group), at 1720 -1725 cm −1 (C=O of thioester), at 1665 -1670 cm −1 (C=O of tert. but. cyclohexanone), at 1580 -1600 cm −1 (C=C stretching) and at 1410 -1445 cm −1 (-CH 2 -S-groups). This was in addition to the other characteristic absorption bands for the rest of the macromolecule. The elemental analysis of all the different copolythioester coincided with the characteristic repeating units of each polymer, which reveals the introduction of two new sulphur atoms in the repeating unit. These data are included in Table 1 .
Polymer characterization Viscosity The inherent viscosities (η inh ) of copolythioesters VI-XI were determined in DMSO at 30˚C with an Ubbelohde suspended level viscometer The inherent viscosity value is defined as:
The solution concentration C is 0.5 g/100 ml, η/η o = relative viscosity (or viscosity ratio). It can be shown from Table 1 that copolythioester IX had high inherent viscosity (0.89 dL/g) and this may be attributed to high molecular weight of the polymer. But, the inherent viscosity of the copolythioester XI (0.35 dL/g) this may be attributed to low molecular weight of this copolythioester.
Solubility
The solubility behavior of all copolythioesters VI-XI is summarized in Table 2 . A 10% (w/v) solution was taken as a criterion for solubility). It was found that all the polymers dissolved readily in concentrated H 2 SO 4 at room temperature giving an intense blue solution. Copolythioesters which contain methylene linkage, i.e. -(CH 2 ) 8 -(X, XI) are more soluble in DMSO or NMP than are other polymers. Almost all copolythioesters were soluble in both polar aprotic solvents, such as NMP, and DMSO, and less polar solvents, including; acetonechloroform mixture and THF except copolythioesters, VIII and IX were partially soluble in less polar solvents. Generally, the presence of ester-thioester linkage in the polymer main chain led to slight increases in the solubility of the polythioesters.
Electronic Spectra:
The electronic spectra of copolythioesters VI-XI were obtained in DMSO at a concentration of 2.6 × 10 −6 M. These displayed two absorption bands with λ max near 263 nm, which was due to the π − π* transition within the benzenoid system, and with λ max near 365 nm, which was due to the π − π* excitation of C=O or C=S groups. The electronic spectra of copolyesters VI-XI show broadening absorption bands and a small bathochromic shifting of both bands, indicating a highly conjugated system. Moreover, the electric conducting properties of the undoped and doped polymers are therefore related to the presence of extensively delocalized p electrons along the polymer chain, and the delocalization of π electrons also contributes to the formation of the polymer-iodine adducts.
Scanning Electron Microscopy Measurements
The morphology of the synthesized copolythioester VII (as example) was examined by scanning electron microscopy (SEM). This technique gives us the ability to show the surface of the polymers and to study the effect of structure on the surface of the selected polymer by comparison the images in each case. The study of selected copolythioester VII showed that the surface of that polymer VII (Figure 1(a) and Figure 1(b) magnification X = 2000, X = 5000) consisted of porous kidney shape accumulative merged particles, with higher magnification X = 10,000 and X = 15,000 (Figures 1(c)-(e) ) showed that the globular and subglobular structures, like sponge, appeared in a continuous chain with some coalescence present. 
X-ray Analysis
The X-ray diffractogram of copolythioesters VI-XI containing 4-teriary butyl-cyclohexanone unit in Figure 2 and Figure 3 (as example) show a few reflection peaks that are intermediate between crystalline and amorphous interference in the region 2θ = 5˚ -60˚. This indicates that there is a large class of structures that are intermediate in the ordered states between crystals (with pronounced long-range order) in the arrangement of their atoms and molecules. Moreover, the presence of high C=C bond and C=S levels induces some order between two adjacent chains in the polymer, leading to some extent of crystallinity. More particularly, the presence of 8 methylene groups as in copolythioester X as flexible chain, led to some crystalinity as shown in Figure 3 , compared with copolythioester VI.
Thermogravimetric Analysis
The thermal properties of copolythioesters VI-XI containing 4-teriary butyl-cyclohexanone unit in the main chain thus obtained, were investigated by thermogravimetric analysis (TGA), DTG and DTA in air at a heating rate of 10˚C/min. The thermographs of these copolythioesters are given in Figure 4 and Figure 5 for copolythioesters VI and XI (as examples), also Table 3 gives the temperature of various percentages of weight loss. The temperature for a 10% weight loss is considered to be the polymer decomposition temperature and ranges between 325˚C and 395˚C. In Figure 4 , TGA curve of copolythioester VI show a weight loss in the range 8% -19% starting at 160˚C -200˚C, which may be attributed to loss of absorbed moisture and entrapped solvents. The thermographs also indicate, the polymers decompose in one stage. This stage which is rapid stage between 400˚C and 430˚C depends upon the nature of the polymer and copolymers. The rate of degradation in the first stage is somewhat faster than in the second stage. Moreover, the data indicated that the T10, values of polythioesters derived from 1,8(sebacoyldithio) diacetic acid (X, XI) showed somewhat less thermally stable than other polythioesters. 
Conclusion
New copoly(ester-thioester)s based on diarylidene tert. butyl cyclohexanone moiety have been synthesized by direct polycondensation technique. The presence of ester-thioester linkage, beside the aliphatic chains, in the polymer main chain leads to slight increases in the solubility of the polythioesters. X-ray diffraction analyses indicate that the copolythioester X which contains a flexiable chain has some crystallinity then the other polymers. Thermogravimetric analyses show that copolythioester derived from monomeric unit IV is more thermally stable than those derived from monomeric unit V.
